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Thank you, GSU!  Thanks especially to Megan Connors, 
Xiaochun He and all the GSU locals!

About scheduling a meeting in December, “Nobody goes there 
anymore. It's too crowded.” – Yogi Berra
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sPHENIX Concept in the PHENIX Decadal Plan (charged by ALD Steve Vigdor): 
October 2010.  PHENIX spokesperson Barbara Jacak asked Jamie Nagle to 
coordinate development of document. 

Original proposal http://arxiv.org/abs/1207.6378: July 2012  
(new superconducting solenoid & optional additional tracking)  

BNL Review (chaired by Tom Ludlam) of sPHENIX proposal: October 2012  

Updated sPHENIX proposal: October 2013


BNL Review (chaired by Sam Aronson) of “ePHENIX” LOI: January 2014 

“ePHENIX” White Paper (http://arxiv.org/abs/1402.1209): February 2014  

Future Opportunities in p+p and p+A with the Forward sPHENIX Detector: April 
2014  

Updated proposal, submitted to DOE: June 2014 (incorporation of Babar 
magnet and tracking)  

DOE Science Review: July 2014  

Updated Proposal http://arxiv.org/abs/1501.06197 : November 2014  

DOE Science Review (chaired by Tim Hallman): April 2015


sPHENIX pCDR: November 2015

Six-year history of development

An Upgrade Proposal from the PHENIX Collaboration
Original: July 1, 2012

Updated: October 1, 2013
Updated: June 19, 2014
Updated: November 19, 2014

sPHENIX preConceptual Design Report
October 27, 2015
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Concept for an Electron Ion Collider (EIC)
detector built around the BaBar solenoid

The PHENIX Collaboration
February 3, 2014
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Future Opportunities in p+p and p+A
Collisions at RHIC with the Forward

sPHENIX Detector

The PHENIX Collaboration
April 29, 2014

The PHENIX Experiment at RHIC

Decadal Plan 2011–2020
Brookhaven National Laboratory

Relativistic Heavy Ion Collider

October, 2010

Spokesperson Barbara Jacak
Stony Brook University

Deputy Spokesperson Jamie Nagle
University of Colorado

Deputy Spokesperson Yasuyuki Akiba
RIKEN Nishina Center for
Accelerator-Based Science

Operations Director Ed O’Brien
Brookhaven National Laboratory

Deputy Operations Director for Upgrades Mike Leitch
Los Alamos National Laboratory

Deputy Operations Director for Operations John Haggerty
Brookhaven National Laboratory

An Upgrade Concept from the PHENIX Collaboration

July 1, 2012
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Celebrating at the BNL Center after submitting the sPHENIX proposal
4



The 2015  
LONG RANGE PLAN  

for NUCLEAR SCIENCE

 REACHING FOR THE HORIZON

The Site of the Wright Brothers’ First Airplane Flight

22

2. Quantum Chromodynamics: The Fundamental Description of the Heart of Visible Matter

describe quark and gluon interactions, the emergent 

phenomenon that a macroscopic volume of quarks and 

gluons at extreme temperatures would form a nearly 

perfect liquid came as a complete surprise and has 

led to an intriguing puzzle. A perfect liquid would not 

be expected to have particle excitations, yet QCD is 

definitive in predicting that a microscope with sufficiently 

high resolution would reveal quarks and gluons 

interacting weakly at the shortest distance scales within 

QGP. Nevertheless, the d/s of QGP is so small that there 

is no sign in its macroscopic motion of any microscopic 

particlelike constituents; all we can see is a liquid. To this 

day, nobody understands this dichotomy: how do quarks 

and gluons conspire to form strongly coupled, nearly 

perfect liquid QGP?

There are two central goals of measurements planned 

at RHIC, as it completes its scientific mission, and at the 

LHC: (1) Probe the inner workings of QGP by resolving 

its properties at shorter and shorter length scales. The 

complementarity of the two facilities is essential to this 

goal, as is a state-of-the-art jet detector at RHIC, called 

sPHENIX. (2) Map the phase diagram of QCD with 

experiments planned at RHIC.

This section is organized in three parts: characteriza tion 

of liquid QGP, mapping the phase diagram of QCD by 

doping QGP with an excess of quarks over antiquarks, 

and high-resolution microscopy of QGP to see how 

quarks and gluons conspire to make a liquid.

EMERGENCE OF NEAR-PERFECT FLUIDITY
The emergent hydrodynamic properties of QGP are 

not apparent from the underlying QCD theory and 

were, therefore, largely unanticipated before RHIC. 

They have been quantified with increasing precision 

via experiments at both RHIC and the LHC over the last 

several years. New theoretical tools, including LQCD 

calculations of the equation-of-state, fully relativistic 

viscous hydrodynamics, initial quantum fluctuation 

models, and model calculations done at strong coupling 

in gauge theories with a dual gravitational description, 

have allowed us to characterize the degree of fluidity. 

In the temperature regime created at RHIC, QGP is the 

most liquidlike liquid known, and comparative analyses 

of the wealth of bulk observables being measured hint 

that the hotter QGP created at the LHC has a somewhat 

larger viscosity. This temperature dependence will be 

more tightly constrained by upcoming measurements 

at RHIC and the LHC that will characterize the varying 

shapes of the sprays of debris produced in different 

collisions. Analyses to extract this information are 

analogous to techniques used to learn about the 

evolution of the universe from tiny fluctuations in the 

temperature of the cosmic microwave background 

associated with ripples in the matter density created a 

short time after the Big Bang (see Sidebar 2.3).

There are still key questions, just as in our universe, 

about how the rippling liquid is formed initially in 

a heavy-ion collision. In the short term, this will be 

addressed using well-understood modeling to run 

the clock backwards from the debris of the collisions 

observed in the detectors. Measurements of the gluon 

distribution and correlations in nuclei at a future EIC 

together with calculations being developed that relate 

these quanti ties to the initial ripples in the QGP will 

provide a complementary perspective. The key open 

question here is understanding how a hydrodynamic 

liquid can form from the matter present at the earliest 

moments in a nuclear collision as quickly as it does, 

within a few trillionths of a trillionth of a second.

Geometry and Small Droplets

Connected to the latter question is the question of 

how large a droplet of matter has to be in order for it to 

behave like a macroscopic liquid. What is the smallest 

possible droplet of QGP? Until recently, it was thought 

that protons or small projectiles impacting large nuclei 

would not deposit enough energy over a large enough 

volume to create a droplet of QGP. New measurements, 

however, have brought surprises about the onset of QGP 

liquid production.

Measurements in LHC proton-proton collisions, selecting 

the 0.001% of events that produce the highest particle 

multiplicity, reveal patterns reminiscent of QGP fluid flow 

patterns. Data from p+Pb collisions at the LHC give much 

stronger indications that single small droplets may be 

formed. The flexibility of RHIC, recently augmented by 

the EBIS source (a combined NASA and nuclear physics 

project), is allowing data to be taken for p+Au, d+Au, 

and 3He+Au collisions, in which energy is deposited 

initially in one or two or three spots. As these individual 

droplets expand hydrodynamically, they connect and 

form interesting QGP geometries as shown in Figure 2.9. 

If, in fact, tiny liquid droplets are being formed and 

their geometry can be manipulated, they will provide 
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1. Summary and Recommendations

in some cases, we are only now poised to reap the 

benefits of these initiatives. In other cases, anticipated 

upgrades were achieved at a small fraction of the cost 

estimated in 2007, and we are harvesting the benefits 

earlier than expected. All of our current four national 

user facilities, the Continuous Electron Beam Accelerator 

Facility (CEBAF), the Relativistic Heavy Ion Collider 

(RHIC), the Argonne Tandem Linac Accelerator System 

(ATLAS), and the NSF-supported National Supercon-

ducting Cyclotron Laboratory (NSCL), were significantly 

upgraded in capability during this period. A fifth national 

user facility, the DOE-supported Holifield Radioactive Ion 

Beam Facility, was closed down. Care was always taken 

to leverage U.S. investments in an international context 

while maintaining a world-leadership position.

Here are the recommendations of the 2015 Long Range 

Plan.

RECOMMENDATION I

The progress achieved under the guidance of the 2007 
Long Range Plan has reinforced U.S. world leadership 
in nuclear science. The highest priority in this 2015 Plan 
is to capitalize on the investments made.

 ! With the imminent completion of the CEBAF 12-GeV 

Upgrade, its forefront program of using electrons to 

unfold the quark and gluon structure of hadrons and 

nuclei and to probe the Standard Model must be 

realized.
 ! Expeditiously completing the Facility for Rare 

Isotope Beams (FRIB) construction is essential. 

Initiating its scientific program will revolutionize our 

understanding of nuclei and their role in the cosmos.
 ! The targeted program of fundamental symmetries 

and neutrino research that opens new doors to 

physics beyond the Standard Model must be 

sustained.
 ! The upgraded RHIC facility provides unique 

capabilities that must be utilized to explore the 

properties and phases of quark and gluon matter in 

the high temperatures of the early universe and to 

explore the spin structure of the proton.

Realizing world-leading nuclear science also requires 

robust support of experimental and theoretical research 

at universities and national laboratories and operating 

our two low-energy national user facilities—ATLAS and 

NSCL—each with their unique capabilities and scientific 

instrumentation.

The ordering of these four bullets follows the priority 

ordering of the 2007 plan.

RECOMMENDATION II

The excess of matter over antimatter in the universe is 

one of the most compelling mysteries in all of science. 

The observation of neutrinoless double beta decay 

in nuclei would immediately demonstrate that neutrinos 

are their own antiparticles and would have profound 

implications for our understanding of the matter-

antimatter mystery.

We recommend the timely development and 
deployment of a U.S.-led ton-scale neutrinoless 
double beta decay experiment.

A ton-scale instrument designed to search for this as-yet 

unseen nuclear decay will provide the most powerful 

test of the particle-antiparticle nature of neutrinos ever 

performed. With recent experimental breakthroughs 

pioneered by U.S. physicists and the availability of deep 

underground laboratories, we are poised to make a 

major discovery.

This recommendation flows out of the targeted 

investments of the third bullet in Recommendation I. It 

must be part of a broader program that includes U.S. 

participation in complementary experimental efforts 

leveraging international investments together with 

enhanced theoretical efforts to enable full realization of 

this opportunity.

RECOMMENDATION III

Gluons, the carriers of the strong force, bind the quarks 

together inside nucleons and nuclei and generate nearly 

all of the visible mass in the universe. Despite their 

importance, fundamental questions remain about the 

role of gluons in nucleons and nuclei. These questions 

can only be answered with a powerful new electron ion 

collider (EIC), providing unprecedented precision and 

versatility. The realization of this instrument is enabled 

by recent advances in accelerator technology.

We recommend a high-energy high-luminosity polarized 
EIC as the highest priority for new facility construction 
following the completion of FRIB.

The EIC will, for the first time, precisely image gluons in 

nucleons and nuclei. It will definitively reveal the origin 

of the nucleon spin and will explore a new quantum 

chromodynamics (QCD) frontier of ultra-dense gluon 
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The 2015 Long Range Plan for Nuclear Science

Reaching for the Horizon

fields, with the potential to discover a new form of 

gluon matter predicted to be common to all nuclei. 

This science will be made possible by the EIC’s unique 

capabilities for collisions of polarized electrons with 

polarized protons, polarized light ions, and heavy nuclei 

at high luminosity.

The vision of an EIC was already a powerful one in the 

2007 Long Range Plan. The case is made even more 

compelling by recent discoveries. This facility can 

lead to the convergence of the present world-leading 

QCD programs at CEBAF and RHIC in a single facility. 

This vision for the future was expressed in the 2013 

NSAC report on the implementation of the 2007 Long 

Range Plan with the field growing towards two major 

facilities, one to study the quarks and gluons in strongly 

interacting matter and a second, FRIB, primarily to study 

nuclei in their many forms. Realizing the EIC will keep 

the U.S. on the cutting edge of nuclear and accelerator 

science.

RECOMMENDATION IV

We recommend increasing investment in small-scale 
and mid-scale projects and initiatives that enable 
forefront research at universities and laboratories.

Innovative research and initiatives in instrumentation, 

computation, and theory play a major role in U.S. 

leadership in nuclear science and are crucial to 

capitalize on recent investments. The NSF competitive 

instrumentation funding mechanisms, such as the 

Major Research Instrumentation (MRI) program and 

the Mathematical & Physical Sciences mid-scale 

research initiative, are essential to enable university 

researchers to respond nimbly to opportunities for 

scientific discovery. Similarly, DOE-supported research 

and development (R&D) and Major Items of Equipment 

(MIE) at universities and national laboratories are vital 

to maximize the potential for discovery as opportunities 

emerge.

These NSF funding mechanisms are an essential 

component to ensure that NSF-supported scientists 

have the resources to lead significant initiatives. 

These programs are competitive across all fields, and 

an increase in the funds available in these funding 

mechanisms would benefit all of science, not just nuclear 

physics.

With both funding agencies, small- and mid-scale 

projects are important elements in increasing the agility 

of the field to react to new ideas and technological 

advances. The NP2010 Committee report also made 

a recommendation addressing this need. With the 

implementation of projects, there must be a commitment 

to increase research funding to support the scientists 

and students who will build and operate these projects 

and achieve the science goals. Close collaborations 

between universities and national laboratories allow 

nuclear science to reap the benefits of large investments 

while training the next generation of nuclear scientists to 

meet societal needs.

NSAC is asked to identify scientific opportunities and 

a level of resources necessary to achieve these. So, 

except for the largest-scale facilities, projects named 

in this report are given as examples to carry out the 

science. The funding agencies have well-established 

procedures to evaluate the scientific value and the cost 

and technical effectiveness of individual projects. There 

is a long-standing basis of trust that if NSAC identifies 

the opportunities, the agencies will do their best to 

address these, even under the constraints of budget 

challenges.

INITIATIVES
A number of specific initiatives are presented in the 

body of this report. Two initiatives that support the 

recommendations made above and that will have 

significant impact on the field of nuclear science are 

highlighted here.

A: Theory Initiative

Advances in theory underpin the goal that we truly 

understand how nuclei and strongly interacting matter 

in all its forms behave and can predict their behavior in 

new settings.

To meet the challenges and realize the full scientific 

potential of current and future experiments, we require 

new investments in theoretical and computational 

nuclear physics.

 " We recommend new investments in computational 

nuclear theory that exploit the U.S. leadership in 

high-performance computing. These investments 

include a timely enhancement of the nuclear physics 

contribution to the Scientific Discovery through 

Advanced Computing program and complementary 

efforts as well as the deployment of the necessary 

capacity computing.
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Inaugural sPHENIX collaboration meeting 

Rosi Reed (Lehigh) Sevil Salur (Rutgers)

Hosts
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2016 Highlights

• Established collaboration structure 

• ALD baseline-scope charge and collaboration response 

• Virtuality evolution of sPHENIX tracker 

• Received CD-0; on to CD-1 

• Growing the collaboration

7



Collaboration structure
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Executive Council

Project and collaboration 

representatives

Jet structure

D. Perepelitsa, R. Reed

Heavy flavor

J. Huang, M. McCumber

Y spectroscopy

T. Frawley, M. Rosati

Cold QCD

C. Aidala, N. Feege

Institutional Board

Institution representatives

Topical Groups

Collaboration structure
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Close connection of collaboration and project:

Fortnightly General Meetings

Fortnightly meetings to discuss project 

and collaboration news:

• Reports from collaboration and project 

management 

• Reports from detector and physics/

simulations efforts


Open to all collaborators; good 
attendance



Second sPHENIX collaboration meeting May 2016
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Focused “workfests” and other events

HF tagged jets workfest 
(BNL)

Forward sPHENIX workfest 
(ISU)

MAPS cost and schedule 
workfest (LANL)

• Continues practice that was very productive 
in developing sPHENIX proposals 

• Invite outside experts when appropriate –
 e.g., discussion with ALICE & STAR experts 
on space charge distortion in TPC 
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ALD baseline charge and collaboration response
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ALD baseline charge and collaboration response
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Collaboration response

• 30 page document (June 6) 

• Joint product of collaboration and project 

• Agreed on tough choices (reduced EMCAL, added 
MAPS) 

• Never received formal response from ALD 

• BUT: established credibility; basis for current project 
scope

15



Project scope (Sep-Oct)

funding outside of  
DOE baseline

16



Evolution of tracker concept

17



Evolution of the tracker concept

• Santa Fe MAPS workfest: Copy ALICE IB 

• TPC studies promise control over distortions  

• Response to ALD: Commitment to MAPS and TPC 

• LANL MAPS LDRD approved 

• INTT proposal 

• Successful tracker review at BNL 

• Established MAPS consortium 

• Working on MAPS proposal: Workfest in early January 18



Matrix of tracker technologies

Existing PHENIX pixel detector currently 
achieves 60 μm @ pT > 2 GeV/c DCA resolution 
(50 μm evt vertex; 30 μm pixel) – MAPS 
technology would improve this due to smaller 
pixels and less material.

19

Inner tracker Outer tracker

Rutgers 2015



Tracker concept

Track reconstruction over 2π, |η| ~ 1, 0.2GeV < pT < 40GeV


Outer radius constrained by EMCal geometry: Router<78cm

Inner radius constrained by beam pipe: Rinner>2.1cm


Three detector subsystems to provide primary+secondary 
vertex, pattern recognition, momentum resolution:


Calorimeter	system

Tracking	system

20

3-layer MAPS vertex tracker 
(R = 2.3, 3.1, 3.9 cm) 

4-layer si strip 
intermediate 

tracker  

(R=6, 8, 10, 12cm)


Continuous 
readout TPC

(R=20-78 cm)


Tracker review 9/2016



Rapid progress understanding TPC

Simulation Studies of full tracking system

Note:  Because of the 1.5 T field, the rdφ 
distortion in sPHENIX is comparable to dr.

T. Hemmick
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Realistic INTT geometry in GEANT4

G. Mitzuka

INTT provides additional space points 
and single event response

22
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CD-0
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CD-0

Subject: sPHENIX
Date: Thu, 27 Oct 2016 21:04:43 +0000
From: Mueller, Berndt <bmueller@bnl.gov>
To: Morrison, David <morrison@bnl.gov>, Gunther M Roland <rolandg@MIT.EDU>
CC: O'Brien, Edward <eobrien@bnl.gov>, James Nagle
<jamie.nagle@colorado.edu>

Dear Dave and Gunther (Cc: Jamie):

I just received word that CD-0 for sPHENIX was approved today. You can
go and celebrate (for one evening).

Berndt

six years of development by many, many people …

(more celebration is warranted)
26



CD-0

This reflects most recent DOE thinking – best to be agile and 
prepared for an sPHENIX lifetime of possibly half a decade.

Tim	Hallman,		
RHIC	User’s	meeting

27



Growing the collaboration
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Collaboration survey

• Initial survey of Institutional Board to find out who, from 
each institution, should be a collaborator 

• At Rutgers meeting: 59 institutions, 183 collaborators.   

• Most of 2016 pre-CD-0, loss of some BNL staff, but 
adding new institutions, new collaborators 

• Survey says: 61 institutions, 220 Collaborators 

• Follow up with questionnaire to collaborators

29



New institutions

• Three new institutions expressed interest 

• Temple University 

• LBNL 

• UC Berkeley 

• Presentations at IB meeting tomorrow

30



Onto 2017
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Key issues for 2017

• Collaboration working together with Project toward CD-1 

• MAPS MIE proposal 

• Refreshing the LRP science case 

• sPHENIX and EIC 

• Growing the Collaboration 

• Expanding collaboration infrastructure and practices

32



Towards CD-1

• Discussion today and on Saturday 

• Opportunity and need for broad engagement by 
collaboration 

• Simulations in support of CD-1
33



MAPS MIE

• We have a possible path to “ideal” sPHENIX detector 

• Need to prepare strong proposal ASAP 

• Discussion tomorrow morning 

• Workfest in Santa Fe, 1/5-1/7 2017

34



Refreshing the science case

• sPHENIX future rests on LRP science case 

• How to extract “microscopic nature” of QGP from 
proposed measurements is open question 

• We need to lead this discussion 

• Workshops planned next year (e.g., INT program May/
June, possible BNL workshops) 

• Need to engage with theorists (JETSCAPE)
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• Refreshing the science case only helps if people know about it! 

• Megan Connors has agreed to give the sPHENIX talk in the futures 
session – excellent! 

• Many posters (next slide) 

• Topical groups should come up with list of plots to produce by QM 

• Not planning a pre-QM’17 meeting.  Someone with an eye for 
design to develop some graphical tie-ins between sPHENIX 
posters?

36



QM’17 posters - an excellent line-up
sPHENIX Tracking Performance Simulations, Veronica Canoa (SBU) 
The intermediate tracking system of the sPHENIX detector at RHIC, Gaku Mitsuka (RBRC) 
Jet spectra and jet structure measurements with sPHENIX, Rosi Reed (Lehigh) 
sPHENIX TPC mechanical design, Klaus Dehmelt (SBU) 
A Prototype of the sPHENIX Hadronic Calorimeter, Abhisek Sen (ISU) 
Studying Proton Structure, the Partonic Structure of Nuclei, and Hadronization at sPHENIX, Chong Kim 
(UCR) 
Identification of heavy-flavor jets in sPHENIX using MAPS, Cesar da Silva (LANL) 
R&D Studies for the sPHENIX Time Projection Chamber, Prakhar Garg (SBU) 
R&D for the sPHENIX MAPS inner tracker, Ming Liu (LANL) 
A Common Readout System for the sPHENIX Electromagnetic and Hadronic Calorimeters, Eric Mannel (BNL) 
The Readout and Data Acquisition Design of the sPHENIX Detector at RHIC, Martin Purschke (BNL) 
Front End Readout for the sPHENIX Time projection chamber, Takao Sakaguchi (BNL) 
Modification of Upsilon production in nuclear collisions measured with sPHENIX, Krista Smith (FSU) 
Design of the sPHENIX tracker, Sourav Tarafdar (VU) 
B-Jet Tagging Algorithms for sPHENIX at RHIC, Haiwang Yu (NMSU) 
Test Beam Performance of the sPHENIX EMCal Prototype, Virginia Bailey (UIUC) 
Construction and testing of the sPHENIX hadronic calorimeter prototype, Jamie Nagle (Colorado) 
Design and test-beam performance of the sPHENIX calorimeter system, Jin Huang (BNL)
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sPHENIX and EIC

• Discussion today and on Saturday 

• NAS committee formed 

• Steadily increasing activity at BNL: existing EIC task force 
and EIC R&D efforts, meetings upon meetings, working 
groups, BNL upper management very focused on EIC, 
opening new positions (e.g., EIC Science Director, theory 
group) 

• How can sPHENIX contribute? Do we need to lead effort?

38



Ani Aprahamian, Co-Chair (University of Notre Dame) 
Gordon Baym, Co-Chair (U. Illinois at Urbana-Champaign) 
Christine Aidala (University of Michigan) 
Richard Milner (MIT) 
Ernst Sichtermann (LBNL) 
Zein-Eddine Meziani (Temple University) 
Thomas Schaefer (NC State University) 
Michael Turner (University of Chicago) 
Wick Haxton (University of California-Berkeley) 
Kawtar Hafidi (Argonne) 
Peter Braun-Munzinger (GSI) 
Larry McLerran (University of Washington) 
Haiyan Gao (Duke) 
John Jowett (CERN)
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Growing the collaboration

• Expect continued discussion with various US institutions 

• STAR, LHC commitments vs new-found clarity through 
CD-0  

• Need to increase international footprint 

• Europe 

• Asia 

• Input from collaboration - time to talk to your friends
40



Collaboration infrastructure and best practices

• Looking for a way to establish an sPHENIX office 

• speaker’s bureau, web presence, outreach, document archival 

• complicated by recent BNL RIFs and retirements 

• More formal process for technical and physics documentation 

• internal notes supporting plots and figures 

• lightweight review process – perhaps just one non-author editor? 

• Input from collaboration - what works? what doesn’t? what’s 
missing?
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Second sPHENIX collaboration meeting

42

Food and discussion
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Rutgers Univ. 
 December 2015



Where Pizza Meets Martini’s. New 
York style pizza meets LA decor with 

all Atlanta’s feel and needs.Rib Shack

A Collaboration thinks best on a full stomach –  
a fine tradition continues here at GSU
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